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POSITIVE ION SMOKE DETECTOR USING A
TUNGSTEN WIRE PREHEATED IN HYDROGEN
TO INCREASE SENSITIVITY

This invention relates to methods and apparatus for
smoke detection. More specifically, this invention re-
lates to methods and apparatus wherein thermal ioniza-
tton on a hot surface (surface ionization) is used to de-
tect smoke from combustion. |

BACKGROUND OF THE INVENTION

Modern fire detection systems generally include
smoke detecting elements. Prior art smoke detecting
elements included ionization chambers containing a
radioactive source, apparatus for measuring the attenua-
tion of light, and apparatus for measuring resistance
changes in thin film semiconductors. Light attenuation
type smoke detectors are relatively complicated and,
therefore, somewhat more expensive than thin film or
ionization type detectors. The long term stability of thin
film detectors remains unproven while the inclusion of
radioactive sources may adversely affect the market-
ability of ionization chamber-type detectors.
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Surface ionization on a hot filament in the presence of 25

alkali metals has, in the prior art, been utilized for detec-
tion of halogen gases. Current flow between a heated
filament and an adjacent cathode has been found to

increase in the presence of a halogen-containing gas.

SUMMARY OF THE INVENTION

A heated metal wire, preferably tungsten or platinum,
is disposed adjacent and maintained at a positive poten-
tial with respect to a collector electrode. Current flow
between the wire and the electrode is found to increase
markedly in the presence of smoke particles. The in-
crease in current may be used to trigger an alarm or
otherwise indicate the presence of smoke conditions.
Two structures of the type described, one sealed and
one opened to the ambient atmosphere, may be utilized
in a bridge configuration to provide a highly stable,
long lived smoke detector which requires only a frac-
tion of a watt of power for operation and is suitable for
long-lived operation from a line power supply.
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It is therfore an object of this invention to provide 45

inexpensive methods and apparatus for the detection of

smoke. | -
Another object of this invention is to provide a low

power, inexpensive reliable smoke detector which does
not contain radioactive source material.

BRIEF DESCRIPTION OF THE DRAWINGS

The novel features characteristic of the present in-
vention are set forth in the appended claims. The inven-
tion itself, together with further objects and advantages
thereof, may best be understood by reference to the
following detailed description taken in connection with
the appended drawings in which:

FIG. 1 is an apparatus for smoke detection 1n accor-
dance with the present invention; and

FIG. 2 illustrates two smoke detectors of the present

invention operating in a bridge circuit configuration.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 is apparatus useful for the detection of smoke

in accordance with the present invention. A wire 11,
approximately 2.5 centimeters long, is mounted on sup-
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port rods 12 and heated with current from a series con-
nected power source V4. A collector electrode 10 is
disposed approximately 0.3 centimeters away from the
wire 11 and is maintained at a negative potential with
respect to the wire 11 by a voltage source Vp. By way

of example, the voltage source Vpmay be a 100 volt line

operated power supply. A current detector A, which
may, for example, comprise an ammeter or a current-
sensitive latching circuit is connected in series with the
potential source Vg, the electrode 10, and the wire 11.

The wire 11 may comprise tungsten, platinum, nickel,
rhenium, iridium, or nichrome. However, improved
performance 1s obtained with tungsten and optimal
performance with platinum wires. Optimal smoke de-
tection i1s obtained with a wire 11 in the temperature
range of approximately 500° C. to 700° C. The collector
electrode 10 optimally comprises nickel sheet.

A sample of a test gas 13, which typically is the ambi-
ent atmosphere, which is to be tested for the evidence of
smoke, is introduced into the space between filament 11
and the collector electrode 10. Current flow in the se-
ries circuit between the collector electrode and the
filament is found to increase rapidly in the presence of
smoke particles. It would appear that the increase of
current with smoke is related to, but not identical to, the .
well-known increase in current which occurs in plati-
num filament, halogen leak detectors. However, the
basic phenomenon responsible for the effect in these
devices is not presently understood. '

A test chamber utilized with the apparatus of the
present invention comprises a closed box of 500 cubic
centimeters volume. A burning string was introduced
into the box for a time interval and then withdrawn.
Calibration of the string using a light attenuation tech-
nique indicated approximately 0.1 percent light attenua-
tion per foot of light path for each second of burning.
Smoke levels employed for testing the detectors attenu-
ated light in the range from 0.1 percent to 5 percent (1
to 50 second burning time).

A detector comprising a 0.0025 centimeter diameter
tungsten wire at a temperature between 500° and 600°
C. was tested in the apparatus described above. Both
signal current (current in the presence of smoke) and
background current (current in the absence of smoke)
increased with filament temperature but the ratio of
signal to background current remained substantially
constant, above approximately 500° C. Tungsten wires
which were fired in hydrogen at approximately 1000°
C. prior to use provided maximum sensitivity in the
smoke detector. Considerable variation in smoke detec-
tion sensitivity was experienced, probably due to varia-
tions in surface conditions on the tungsten wires. For
approximately 0.1 percent smoke, the observed increase
in detector current was typically a factor from approxi-
mately 10 to approximately 50. Higher smoke concen-
trations gave higher currents, but the increase was not
linear. For example, one detector provided a back-
ground current of 1X10—10 amps., a signal current of
5% 10—7 amperes at a 0.1 percent smoke level and a
signal current of 1.3X10—38 amperes for a 0.5 percent
smoke level. For smoke levels above approximately 1
percent, the current decreased slightly.

A second smoke detector, comprising a 0.005 centi-
meter diameter platinum wire was tested in the manner
indicated above. The behavior of the platinum wire
detector was similar to the tungsten wire detector ex-
cept that the response to smoke was roughly linear with
concentration up to at least 3 percent. The output cur-
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rent in-the presence of smoke increased with filament

temperature to approximately 700 degrees and re-

mained substantially constant at higher temperatures.
After prolonged operation at high temperatures (ap-

proximately 1000° C.), the background current was

found to decrease as did the sensitivity to smoke, how-
ever the signal to noise ratio remained approximately

constant. For a fresh platinum wire at approximately
700° C., background current was approximately
1x 10—11 amperes; signal current at 1 percent smoke
concentration was 2X 10—8 amperes. After prolonged
heating at high temperature, background current de-
creased to 0.7 X 10— 12 amperes and the signal current at
1 percent smoke decreased to 2.5 10—10 amperes.
FIG. 2 is a bridge circuit for operating two smoke
detecting elements of the present invention. Two identi-
- cal smoke detecting elements, which may be the ele-
ments of FIG. 1, are connected in series across a poten-
tial source Vp. Suitable power supplies for heating the
filaments are prowded but, to allow ease of descrlptlon,
are not shown in FIG. 2. A first detector D1 is sealed to
exclude the entrance of smoke particles while the sec-
ond detector D2 is open to allow entrance of the test
gas. A resistive voltage divider comprising resistors R1

and R2 is connected in parallel with the series combina-

tion of the detecting elements D1 and D2. A current
detecting source which may comprlse an ammeter Oor a
current sensitive latch circuit A is connected between
the node of the detecting elements D1 and D2 and the
node of the resistor divider at the junction of resistors
R1 and R2. Thus, aging effects in the detectors D1 and
D2 will tend to offset and maintain a balanced bridge
circuit while a current increase in the detector D2,
caused by smoke entering that detector, will unbalance
the bridge and cause current to flow through the amme-
ter A. Any current decrease which may occur with
aging of the detector elements is thus compensated.

Smoke detector elements of the present invention are
relatively inexpensive and suitable for long-term line
power operation. The presence of smoke produces a
current increase of approximately 100 times which pro-
vides an adequate electric s-ugnal level to tngger an
alarm circuit. -

While the invention has been described in detail
herein in accord with certain preferred embodiments
thereof, many modifications and changes therein may
be effected by those skilled in the art. Accordingly, it is
intended by the appended claims to cover all such madi-
fications and changes as fall within the true spirit and
scope of the invention.

The invention claimed 1s:

1. A method for detecting smoke 1n an amblent atmo-

sphere comprising:

disposing a heated wire opposue a collector elec-

trode, said heated wire comprising tungsten which
has been fired in hydrogen gas;

applying a negative electric potentlal on sald elec-
trode with respect to said wire;

introducing a sample of a test gas between said wire
and said electrode; and

determining the presence of smoke particles in said
test gas by an increase in electrical current flow
between said wire and said electrode. |
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2. The method of claim 1 wherein said tungsten wire
has been fired in hydrogen gas at a temperature of ap-
proxnnately 1000° C.

3. The method of claim 1 wherein the temperature of

said wire is maintained between approximately 500° C.

and approximately 700° C.
4. The method of claim 1 wherein the step of deter-

mining current flow between said wire and said elec-

trode comprises:
connectlng two smoke detecting elements, each com-
prising a heated wire and a collector electrode, in a
bridge circuit;

sealing one of sald detector elements to prevent the

entrance of smoke; and

introducing said test gas into said second detector,

whereby the presence of said smoke in said second
detector produces an unbalaneed current in said
"bridge circuit. |
5. An apparatus for detecting smoke in an ambient
atmOSphere comprising:
a collector electrode;
a heated tungsten wire dlSposed opposite said collec-
~ tor electrode, said heated wire having been fired in
" hydrogen gas;

“means for applying a negative electric potential on
said electrode with respect to said wire; and

detection means for determining the presence of
smoke particles contained in said ambient atmo-
‘sphere disposed between said wire and said elec-
trode, said detection means operating by respond-
ing to a change in electrical current flow between
said wire and said electrode.

6. The apparatus of claim 5 wherein said tungsten
wire has been fired in hydrogen at a temperature of
approxunately 1,000° C.

‘1. The apparatus of claim S wherein the temperature
of said wire is maintained between appremmately 500°
C. and approximately 700° C.

8. An apparatus for detecting smoke in an ambient
atmosphere comprising:

a first smoke detector element including a first heated

- tungsten wire disposed opposite a first collector

electrode, said first electrode being maintained at a
negatwe electrlc potentlal with respect to said first
“wire, said first wire comprising tungsten which has

- been fired 1n hydrogen gas;

" a second smoke detector element mcludlng a second
~ heated tungsten wire disposed opposite a second
~ collector electrode, said second electrode being

maintained at a negatlve electric potent1a1 with

respect to said second wire, said second wire com-
prising tungsten which has been fired in hydrogen
gas, said second smoke detection element being
disposed in a housing so as to seal said detectlon
element from said ambient atmosphere; and

“a four-element bridge circuit detection means in
which said first smoke detector element and said
second smoke detector element are serially con-
nected so as to form a two-element side of said
bridge circuit so that the presence of smoke in said
first detector produces an unbalanced current in

“said bridge circuit. '
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